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[57] ABSTRACT

The method for forming a stable emulsion of a viscous crude
hydrocarbon in an aqueous buffer solution, includes the
steps of: providing a viscous crude hydrocarbon containing
an 1nactive natural surfactant and having a salt content by
weight of less than or equal to about 1.0% and having a total
acid number of greater than or equal to about 1, preferably
greater than or equal to about 2.5; forming a solution of a
buffer additive in an aqueous solution to provide a basic
aqueous buffer solution, the buffer additive being operative
to extract and activate the inactive natural surfactant from
the viscous crude hydrocarbon; and mixing the viscous
crude hydrocarbon with the aqueous buffer solution at a rate
sufficient to provide an emulsion of the viscous crude
hydrocarbon in the aqueous buffer solution, whereby the
buffer additive extracts the inactive natural surfactant from

the viscous crude hydrocarbon and activates the inactive
natural surfactant so as to stabilize the emulsion. The
inactive natural surfactants are preferably carboxylic acids.
The buffer additive is preferably selected from the group
consisting of (a) sodium hydroxide in combination with
sodium bicarbonate and (b) sodium silicate. A method for
transporting the emulsion is also disclosed.

2 Claims, 5 Drawing Sheets

30 -
80 -

70 -

DROPLET SIZE
(MICRONS) 60

—a—  VISCOSITY 50

—o—

-8 OWR (%) 40 -
30 -

20 -

3
E]

i
i

R |
15 20 23 30

TIME (DAYS)



U.S. Patent Jun. 18, 1996 Sheet 1 of 5 5,526,839

100l—~m~ — —_—

7% 50
|
0 Iii.i.-
] - 10 100 1000
DROPLET SIZE (MICRON)
FIG—1
100 ———
% 90

1 10 100 1000
DROPLET SIZE (MICRON)

FIG—2



Sheet 2 of §

Jun. 18, 1996

U.S. Patent

5,526,839

091 06}

[i
r)

Q/cW  ¢/8
Fvang -

Orl

|

= divd MO14
094ld NVS

Y|

0¢1L QOcZ1

Fd

')

&—9IHd
(S¥NOH) 3INIL
oLl 00l 06 08 0O/
d/ecW €111 = 31vd MO
09310 NVS — 3¥vang

09

05 0¥ 0 0Z Ol
Q/cWw /8 = 31vd MO
3HvanNg — 09310 NVS

000" |
000°C
o
N
000°¢ m__m
L X
a
0.
000'¥
000G
0009



y—9Id
(SY¥NOH) 3INIL

5,526,839

0G| GCl 001 GL 0G G¢ 0

A Fa

Sheet 3 of 5

it

\&
e
&N
vt I
om, n
1
n.
u
J

U.S. Patent

Oc

Ov

08

08

001

(SNOXDIN)
37I1S 131doya —®

ALISOOSIA —5—



G=914
(SAvA) 3NIL
0% GC 0Z Gl 0l e 0

5,526,839

Sheet 4 of 5
r
®
N

0}%

o (%) Ym0 =

0% AMISOOSIA - —%

og  (SNOYOIN)

37IS 137doya ¥

Jun. 18, 1996

0L

06

— — - 001

U.S. Patent



VIR
(SAVA) 3INIL
0% GZ 02 Gl 0l G 0

5,526,839

Ol

Sheet 5 of 5
-
O
Y

- 0% (%) ¥M0 ~=-

\vl - 08 ALISODSIA  —%

y 09 (SNOYDIN)

37IS 131doya ¢

Jun. 18, 1996
f

0L

08

06

— — - 00l

U.S. Patent



5,526,839

1

STABLE EMULSION OF VISCOUS CRUDE
HYDROCARBON IN AQUEOUS BUFFER
SOLUTION AND METHOD FOR FORMING
AND TRANSPORTING SAME

BACKGROUND OF THE INVENTION

The invention relates to an emulsion and a method for

forming an emulsion of a viscous crude hydrocarbon in an
aqueous buffer solution.

Large reserves of crude hydrocarbons exist which, in their
natural state, are very viscous. These hydrocarbons are
capable of being processed into useful end products. How-
ever, the viscous nature of such viscous crude hydrocarbons
makes 1t difficult to transport the hydrocarbons in conven-
tional pipelines to stations where the viscous crude hydro-
carbons can be treated. Typical viscous crude hydrocarbons
may be characterized by the following chemical and physi-
cal properties: C wt. % of 78.2 to 85.5; H wt. % of 9.0 to
10.8; O wt. % of 0.26 to 1.1; N wt. % of 0.50 to 0.70; S wt.
% of 2.00 to 4.50; Ash wt. % of 0.05 t0 0.33; Vanadium, ppm
of 50 to 1,000; Nickel, ppm of 20 to 500; Iron, ppm of 5 to
100; Sodium, ppm of 10 to 500; Gravity, API of 1.0 to 16.0;
Viscosity (cST), 122° F. of 100 to 5,000,000; Viscosity
(cST), 210° F. of 10 to 16,000; LHV (BTU/LB) of 15,000 to
19,000; and Asphaltenes, wt. % of 5.0 to 25.0.

From a consideration of the above, particularly the vis-
cosity, the difficulties in transporting a material in conven-
tional pipelines can be appreciated.

One solution to the problem of transporting viscous crude
hydrocarbons has been to form emulsions of the hydrocar-
bon in water. Such emulsions exhibit greatly reduced vis-
cosity which, of course, facilitates the transport of same.
Unfortunately, such emulsions require emulsifiers to be
stable, and commercial emulsifiers conventionally used in
forming such an emulsion are expensive. The added cost of
the commercial surfactant naturally makes the option of

forming emulsions to transport viscous crude hydrocarbons
less attractive.

It 1s desirable to provide an emulsion of the viscous crude
hydrocarbon in water which does not require commercial
surfactants/emulsifiers for stability. Such an emulsion would
provide an economical method for transporting the viscous
crude hydrocarbon and, therefore, a more economical

method for processing the viscous crude hydrocarbon into
usetful end products.

Accordingly, it is the principal object of the present
invention to provide a transportable stable emulsion of a
viscous crude hydrocarbon in water which does not require
commercial emulsifiers for stability.

It 1s a further object of the invention to provide such an
emulsion which is easily broken once it is transported to the
desired destination.

It is a still further object of the invention to provide such
an emulsion having two distinct droplet size populations,
and, therefore, improved viscosity characteristics.

It 1s another object of the invention to provide a method
for forming such an emulsion.

Other objects and advantages will appear hereinbelow.

SUMMARY OF THE INVENTION

The invention relates to a stable emulsion of a viscous
crude hydrocarbon in an aqueous buffer solution, as well as
a method for forming such an emulsion without using
commiercial emulsifiers for stability.
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According to the invention, the stable emulision is formed
by a method including the steps of: providing a viscous
crude hydrocarbon containing an inactive natural surfactant
and having a salt content by weight of less than or equal to
about 1.0% with respect to the emulsion continuous phase
and having a total acid number of greater than or equal to
about 1, preferably greater than or equal to about 2.5;
forming a solution of a buffer additive in an aqueous solution
to provide a basic aqueous buffer solution, the buffer addi-
tive being operative to extract and activate the inactive
natural surfactant from the viscous crude hydrocarbon; and
mixing the viscous crude hydrocarbon with the aqueous
buifer solution at a rate sufficient to provide an emulsion of
the viscous crude hydrocarbon in the aqueous buffer solu-
tion, whereby the buffer additive extracts the inactive natural
surfactant from the viscous crude hydrocarbon and activates

the inactive natural surfactant so as to stabilize the emulsion.

The buffer additive is preferably either sodium bicarbon-
ate with sodium hydroxide, or sodium silicate.

The buffer additive may be added at a concentration of
8,000 ppm or more so as to provide a bimodal emulsmn
having improved viscosity characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of preferred embodiments of the

invention follows, with reference to the accompanying
drawings, wherein:

FIGS. 1 and 2 are graphs showing the droplet size
distribution of emulsion formed according to the invention;

FIGS. 3 and 4 are graphs showing results of dynamic
stability tests on an emulsion formed according to the
invention; and

FIGS. 3 and 6 are graphs showing results of static stability
tests on an emulsion formed according to the invention.

DETAILED DESCRIPTION

The invention relates to a stable emulsion of a viscous
crude hydrocarbon in a basic aqueous buffer solution which
1s prepared without commercial surfactants.

Viscous crude hydrocarbons are difficult to transport in
conventional pipelines due to the high viscosity of the
hydrocarbon. This difficulty has been addressed by the
formation of hydrocarbon-in-water emulsions wherein com-
mercial emulsifiers are used to stabilize the emulsion. Emul-
sions such as this have greatly reduced viscosity as com-
pared to the original hydrocarbon, and are therefore easily
transported through pipelines.

Conventionally formed emulsions, however, as set forth
above, require costly commercial emulsifiers for stability.

According to the invention, viscous crude hydrocarbons
are emulsified for transport without using commercial emul-
sifiers. Rather, the emulsions are formed by activating
materials naturally contained in the viscous crude hydrocar-
bons. These materials are referred to herein as inactive
surfactants which, when activated, are natural surfactants.

The term viscous crude hydrocarbon refers generally to
any viscous crude oil or bitumen which, when produced, is
too viscous for practical pipeline flow. A typical viscous
crude hydrocarbon may be characterized as follows: C wt. %
of 78.2 t0 85.5; H wt. % of 9.0 to 10.8: O wt. % of 0.26 to
1.1; N wt. % of 0.50 to 0.70; S wt. % of 2.00 to 4.50; Ash
wt. % of 0.05 to 0.33; Vanadium, ppm of 50 to 1,000; Nickel,
ppm of 20 to 500; Iron, ppm of 5 to 100; Sodium, ppm of
10 to 500; Gravity, API of 1.0 to 16.0; Viscosity (cST), 122°
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E of 100 to 5,000,000; Viscosity (¢ST), 210° F. of 10 to
16,000; LHV (BTU/LB) of 15,000 to 19,000; and Asphalt-
enes, wt. % of 5.0 to 25.0.

Furthermore, according to the invention, the viscous
crude hydrocarbon has a salt content, by weight with respect
to the emulsion continuous phase, of less than or equal to
about 1.0%, a total acid number of greater than or equal to
about 1, preferably greater than or equal to about 2.5, an API
gravity of less than 16 and a viscosity at ambient tempera-
ture of between about 10,000 cp to about 500,000 cp.

The total acid number (TAN) refers to the volume, in cc’s,
of N/10 potassium hydroxide which are necessary to neu-

tralize one gram of the viscous crude hydrocarbon. Thus, a
TAN of 1 means that the hydrocarbon is such that 1 cc of
N/10 KOH will neutralize one gram of the hydrocarbon.

Most hydrocarbons 1n their natural state contain inactive
potential surfactant materials. It 1s the object of the invention
to extract these inactive surfactants from the hydrocarbon
and activate the inactive surfactant so as to emulsity the
viscous crude hydrocarbon in water and stabilize the emul-
sion. The emulsion so formed is then easily transportable to
facilities for processing as desired. The inactive potential
surfactants which are activated, according to the present
invention, are acids which are saponifiable and which act as
surfactants in their dehydrogenated form. Such acids may
contain, for example, carboxylic acid groups and phenol
groups.

According to the invention, the potential surfactants are
extracted and activated by a buffer additive which is added
to the emulsion water to form a basic aqueous bufier
solution. The basic nature of the solution is apparently
necessary for the activation of the inactive surfactants, and
the buffering helps to maintain the basic pH despite condi-
tions to which the emulsion may be subjected which would
normally cause the pH to fluctuate and which would, there-
fore, destabilize the emulsion.

According to the invention, the buffer additive is prefer-
ably either sodium bicarbonate with sodium hydroxide, or
sodium silicate. The function of the buffer additive 1s to raise
the pH of the aqueous buffer solution to provide a basic
aqueous buffer solution, to extract the inactive surfactants
from the hydrocarbon, and to activate the surfactant by
saponifying or dehydrogenating the inactive surfactant so as
to provide an active natural surfactant for stabilizing the
emulsion. |

According to the invention, the emulsion is formed as
follows. Basic agueous buffer solution i1s formed by adding
the buffer additive to water at a concentration of equal to or
greater than about 1,500 ppm, and preferably less than or
equal to about 15,000 ppm. Preferably, buffer additive is
added 1n amounts sufficient to provide a pH of the basic
aqueous buffer solution between about 9 to about 11.

The aqueous buffer solution 1s then mixed with the
viscous crude hydrocarbon at a mixing rate sufficient to
provide an emulsion of the hydrocarbon in the buffer solu-
tion having destred viscosity and droplet size characternistics.

The hydrocarbon and buffer solution are preferably mixed
at a ratio, by weight, of hydrocarbon to buffer solution of at
least about 50:50, preferably 60:40 and more preferably

70:30.

The mixing step is preferably carried out at a mixing rate
of greater than or equal to about 800 rpm so as to provide an
emulsion having viscosity at room temperature of less than
or equal to about 2,000 cp, and having an average droplet
diameter of greater than or equal to about 3 um, preferably
greater than or equal to about 50 um. This droplet size makes
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4

it easier to break the emulsion which, as mentioned above,
is desirable after the emulsion has been transported to
treatment facilities. Such emulsions are typically broken so
as to reform an emulsion according to more refined param-
eters for various end uses such as combustible fuels and the

like.

When the buffer additive is sodium bicarbonate, sodium
hydroxide is added to the solution in amounts sufiicient to
provide the desired basic pH, preferably between about 9 to

about 11 as described above. Sodium bicarbonate 1s added at
the aforedescribed concentration of between about 1,500

ppm to about 15,000 ppm to buffer the basic solution and to
provide the means for extracting and activating the inactive
surfactant of the hydrocarbon when the emulsion 1s mixed.

When the bufter additive 1s sodium silicate, the proper pH
is provided by manipulating the molar ratio in the sodium
silicate of Na,O to S10,. Providing a molar ratio of Na,O to
Si0, of greater than or equal to about 2.1 will provide a pH
of the buffer solution of between about 9 to about 11 when
the buffer additive is provided at a concentration in the
solution of between about 1,500 ppm to about 15,000 ppm.

It should be noted that the emulsion of the present
invention may be formed at any convenient and desirable

location along the production path of the viscous crude

hydrocarbon. It 1s known, for example, to form such emul-
sions downhole, or at the well head, or at collecting stations
serving multiple wells. Naturally, due to the highly viscous
nature of the hydrocarbon, it is preferable to form the
emulsion as soon as possible so as to take maximum
advantage of the improved viscosity of the emulsion.

According to a preferred embodiment of the invention,
bimodal emulsions may be formed having further improved
viscosity characteristics. A bimodal emuision is an emulsion
where the droplets of the dispersed phase have two distinct
average droplet diameter populations. It has been found that
such an emulsion can be provided, according to the inven-
tion, by utilizing a concentration of buffer additive in the
aqueous buffer solution of at least about 8,000 ppm. Such a
bimodal emulsion preferably has a small droplet size popu-
lation having an average droplet size of up to about 4
microns, and a large droplet size population having an
average droplet size of between about 4 microns to about 20
microns. As demonstrated in the examples below, such a
bimodal emulsion has significantly improved viscosity char-
acteristics as compared to a monomodal emuision having a
single average droplet size corresponding to the average
droplet size of the bimodal emulsion.

Emulsion formed according to the invention is easily
transportable due to the reduced viscosity of the emulsion
and 1s provided without the cost of commercial emulsifiers.

According to the invention, such an emulsion may pref-
erably be transported as follows. In a conventional pipeline
system, the emulsion is preferably preceded and followed by
a plug of additional basic aqueous bufler solution which may
be provided in the same manner as the basic aqueous buffer
solution of the emulsion, or which may be any other
conveniently provided basic aqueous buffer solution. It is
noted, for example, that it 1s not necessary to use the buffer
additive of the present invention in formulating the plugs of
additional basic aqueous buifer solution since the plugs are
not to be emulsified with the hydrocarbon and therefore do
not need to extract and activate the natural inactive surfac-
tants contained therein. Thus, any convenient additive may
be used to provide the additional basic aqueous buffer
solutton. According to the invention, a first volume or plug
of the additional basic aqueous buffer solution is pumped
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through the pipeline, which is followed by the emulsion to
be transported, which is in turn followed by a second volume
or plug of the additional basic aqueous buffer solution.

Preferably, the first and second volumes of additional
basic aqueous buffer solution are equal to the volume of a
length of about 4.0 km of the pipeline through which the
emulsion is to be transported.

EXAMPLE 1

This example demonstrates the relation between mixing

rate and stability of the emulsion formed according to the
present invention.

A Zuata crude was provided having the following char-
acteristics: Density at 15° C., 1.005 kg/l; API gravity at 60°
F., 9.3; kinetic viscosity at 100° F.,, 11,936 cST; kinetic
viscosity at 140° F.,, 1,654 c¢ST; and Sulphur content, %
M/M, of 3.35.

Bufter additive was used at a concentration of 10,000
ppm. Emulsions were prepared at a ratio by weight of
hydrocarbon to buffer solution of 60:40. These emulsions
were prepared at varying mixing rates, and the droplet
diameter of the emulsions formed was monitored over time.
Tables 1 and 2 below present the data obtained for emulsions
prepared with sodium hydroxide/sodium bicarbonate and
with sodium silicate, respectively.

TABLE 1
600 RPM 800 RPM 1,000 RPM 1,300 RPM
Days pm pm pm um
1 83 54 48 35
3 95 60 47 40
5 >100 62 49 40
7 Big Flocs 63 50 42
9 60 48 39

Table 1 shows that emulsions formed using sodium
hydroxide and 10,000 ppm sodium bicarbonate were stable
when mixed at 800 rpm or higher. Emulsion formed at 600
rpm was unstable.

TABLE 2
600 RPM 800 RPM 1,000 RPM 1,300 RPM
Days pm Hrn Hm pm
1 100 100 85 78
3 100 100 o8 83
5 Flocs 100 100 85
7 100 100 81
0 100 100 80

Table 2 indicates, similar to Table 1, that 10,000 ppm

sodium silicate provides stable emulsions at 800 rpm and
higher.

EXAMPLE 2

This example demonstrates the relation between buffe
additive concentration and emulsion stability.

Emulsions were formed using varying concentrations of
sodium silicate and using the same crude as in Example 1,
at a ratio of crude to buffer solution of 60:40. The emulsions
were mixed at 800 rpm, and viscosity was measured over
time. Table 3 below contains the data so obtained.
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TABLE 3
Buffer Concentration Viscosity Stability
PPM MPA-SEC Days
1,000 unmeasurable 0.13
1,300 78 0.83
1,500 13 >0
1,650 72 >6
1,800 90 >6
2,000 04 >6

As shown, emulsions formed using less than 1,500 ppm
buffer additive were very unstable and broke within a 24
hour period. At 1,500 ppm and higher, emulsions were
provided which were stable for at least 6 days.

EXAMPLE 3

Emulsions were formed as in Example 2, having ratios of
crude to buifer solution of 60:40 and 70:30, at varying
concentrations of sodium silicate. Both viscosity and aver-
age droplet diameter were monitored. Tables 4 and 5 below

contain data obtained at ratios of 60:40 and 70:30 respec-
tively.

TABLE 4
RATIO - 60:40
Buffer Concentration Viscosity Average Droplet Diameter
PPM MPA-SEC uIm
2,000 38.55 67.08
4,000 47.12 25.89
6,000 169.6 6.76
3,000 2924 2.95
10,000 1254 2.28
TABLE 5
RATIO - 70:30
Buffer Concentration Viscosity Average Droplet Diameter
PPM MPA-SEC Thes!
2,000 324.2 48.12
4,000 574.2 8.47
6,000 1236 2.75
8,000 1341 1.03
10,000 762.2 1.11

At both ratios, average droplet diameter decreased as the
concentration of buifer additive was increased. Further, up to
8,000 ppm, viscosity increased as the concentration of buffer
additive was increased. Above 8,000 ppm, however, emul-
sions having both ratios indicated a decrease in viscosity. It

- was found that this decrease in viscosity was apparently

caused by the formation of two distinct populations of
droplets having different average droplet diameters, that is,
bimodal emulsions were formed. FIG. 1 and 2 show the
distribution of droplet size of the emulsion, the two distinct

populations being indicated by the separate spikes or humps
in the distribution.

EXAMPLE 4

This example demonstrates the stability of emulsions,
formed according to the invention, during transport.

An emulsion was formed as in Example 1, using Zuata
crude in buffer solution at a ratio of 60:40. The buffer
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additive was sodium silicate at a concentration of 1,600
ppm, the emulsion being mixed in a reciprocal pump.

A pipeline having a length of 55 km and a diameter of 6
inches was provided and equipped with temperature and
pressure sensors along its length which were linked to a
computer to gather data.

The emulsion was pumped back and forth along the
pipeline for 16 days, each time being preceded and followed
by a plug of buffer solution equal to about 4 km of the
pipeline. The emulsion was pumped at different flow rates
and the pressure monitored. Significant changes in pressure
would indicate meaningful changes in viscosity. The data so
obtained is set forth in Table 6.

TABLE 6
Time Flow Rate Pressure
Days Barrels per Day PSI
1 7,424 880
2 7,118 860
3 3,228 330
4 5,528 540
5 7,278
6 6,435
7 6,336
8 6,512 360
9 600
10 5,490 600
11
12 5,217 390
13 5,140
14 5,143 560
15 640
16 600

As shown, flowing the emulsion at rates of between about
5,000 to about 7,000 barrels per day for 16 days caused no
significant variations in pumping pressure and, therefore,
indicate a highly transportable emulsion.

EXAMPLE 5

This example further demonstrates the stability of emul-
sions of the present invention during transport and also
during storage.

An emulsion was prepared as described in Example 4
above. The emulsion was pumped through a 55 km pipeline,
having a 6 inch diameter, between station San Diego and
station Budare. 1,440 m”® of emulsion were preceded and
followed in the pipeline by 4 km plugs of additional basic
aqueous buffer solution. The emulsion was transported 3
times along the length of the pipeline, for a total of 165 km.
The emulsion was tested every 2 hours during transporta-
tion. Oil to water ratio, droplet size, viscosity and pressure
were measured. The results are shown in FIGS. 3 and 4. No
significant variation was observed. The increased pressure in
the Budare—>San Diego leg was due to an increase in flow
rate, and the pressure increase in the final leg of the transport
was caused by a change in droplet size due to passing the
emuision through two reciprocating pumps, in series,
located along the pipeline.

After transportation, the emulsion was stored in a 1,590
m° tank for a period of 30 days. Samples of the emulsion
were taken periodically from the top and the bottom of the
tank and measured for droplet size, viscosity, and oil to
water ratio. FIGS. 5 and 6 reflect the data so obtained for the
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tank bottom and top respectively. As shown, the emulsion
remained substantially unchanged 1n the tank for the period
of 30 days, indicating an excelient stability.

The preceding examples indicate that emulsions formed
according to the present invention, without commercial

emulsifiers, provide an excellent vehicle for the transport of
viscous crude hydrocarbons. Such emulsions are stable and
have reduced viscosity greatly facilitating transport.

It 1s to be understood that the invention is not limited to
the illustrations described herein, which are deemed to be
merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of
form, size, arrangement of parts and details of operation.
The invention rater is intended to encompass all such
modifications which are within its spirit and scope as defined
by the claims.

What is claimed 1s:

1. A method for forming a stable emulsion of a viscous
crude hydrocarbon in an aqueous buffer solution, compris-
ing the steps of:

providing a viscous crude hydrocarbon containing an
inactive natural surfactant and having a salt content by
weight of less than or equal to about 1.0% and having
a total acid number of greater than or equal to about 1;

forming a solution of a buffer additive comprising sodium
silicate in an aqueous solution to provide a basic
aqueous buffer solution mixing the sodium silicate at a
concentration in the aqueous bufier solution of between
about 1,500 ppm to about 15,000 ppm, the sodium
silicate being provided having a molar ratio of Na,O to
510, ot greater than or equal to about 2.1 so as to
provide a pH of the aqueous buffer solution of between
about 9 to about 11, the buffer additive being operative
to extract and activate the inactive natural surfactant

from the viscous crude hydrocarbon; and

mixing the viscous crude hydrocarbon with the aqueous
buffer solution at a rate sufficient to provide an emul-
sion of the viscous crude hydrocarbon in the agueous
butter solution, whereby the buffer additive extracts the
inactive natural surfactant from the viscous crude
hydrocarbon and activates the inactive natural surfac-
tant so as to stabilize the emulsion.

2. A viscous crude hydrocarbon-in-aqueous buffer solu-

tion emulsion, comprising:

a viscous crude hydrocarbon discontinuous phase having
a salt content by weight of less than or equal to about
1.0% and having a total acid number of greater than or
equal to about 1; and

a basic aqueous buffer solution continuous phase contain-
ing a buffer additive comprising sodium silicate and a
natural surfactant wherein the sodium silicate has a
molar ratio of Na,O to Si0O, of greater than or equal to
about 2.1 so as to provide the aqueous buffer solution
with a pH of between about 9 to about 11, the sodium
silicate having a concentration of between about 1500
ppm to about 15,000 ppm, the natural surfactant being
an inactive surfactant naturally contained in the viscous
crude hydrocarbon which inactive surfactant is
extracted and activated by the buffer additive so as to
stabilize the viscous crude hydrocarbon-in-aqueous
buffer solution emulsion.
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